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(57) ABSTRACT

A method, system, and computer program product for evalu-
ating digital images of handwritten documents comprising
handwritten symbols are disclosed. A set of symbols from the
digital image is determined by applying a first predefined
technique. If the set of symbols determined by applying the
first predefined technique does not match with a predefined
set of symbols, a second predefined technique is applied to
determine the set of symbols from the digital image. There-
after, an evaluation report is created based on the determining
by applying the first predefined technique or the determining
by applying the second predefined technique.
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1
METHOD AND SYSTEM FOR EVALUATING
HANDWRITTEN DOCUMENTS

TECHNICAL FIELD

The presently disclosed embodiments are related to pro-
cessing of digital images. More particularly, the presently
disclosed embodiments are related to a technique of evaluat-
ing digital images of handwritten documents.

BACKGROUND

In education, assessments are often given to students to
assess the students’ mastery of a subject. Many such assess-
ments require the student to write an answer on the assess-
ment. Various character recognition techniques/algorithms
are available for recognizing such handwritten characters. In
certain cases, these character recognition techniques may
result in false negatives (i.e., correct answers that are scored
as incorrect) when used to compare recognized characters
withknown answers. Further, some ofthe tools implementing
the character recognition techniques offer a validation feature
requiring a user (e.g., a teacher) to check each answer marked
as wrong; however, too many false negatives may lead to user
dissatisfaction.

SUMMARY

According to embodiments illustrated herein, there is pro-
vided a method implementable on a computing device for
evaluating a digital image comprising handwritten symbols.
The method includes determining a set of symbols from the
digital image by applying a first predefined technique. If the
set of symbols determined by applying the first predefined
technique does not match with a predefined set of symbols, a
second predefined technique is applied to determine the set of
symbols from the digital image. Thereafter, an evaluation
report is created based on the determining by applying the
first predefined technique or the determining by applying the
second predefined technique.

According to embodiments illustrated herein, there is pro-
vided a system for evaluating a handwritten document. The
system comprises an image processing module and an evalu-
ation module. The image processing module is configured for
determining a set of symbols from a digital image by applying
a first predefined technique, wherein the digital image is
obtainable by scanning the handwritten document. The image
processing module is also configured for determining the set
of symbols from the digital image by applying a second
predefined technique if the set of symbols identified using the
first predefined technique does not match with a predefined
set of symbols. The evaluation module is configured for cre-
ating an evaluation report based on the determining by apply-
ing the first predefined technique or the determining by apply-
ing the second predefined technique.

According to embodiments illustrated herein, there is pro-
vided a computer program product for use with a computer.
The computer program product comprises a computer-usable
data carrier storing a computer readable program code for
evaluating a handwritten document. The computer readable
program code comprises first program instruction means for
facilitating scanning of the handwritten document to generate
a digital image, second program instruction means for deter-
mining a set of symbols from the digital image, third program
instruction means for determining the set of symbols from the
digital image if the set of symbols identified by the second
program instruction means does not match with a predefined
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set of symbols, and fourth program instruction means for
creating an evaluation report based on the determining using
the second program instruction means or the determining
using third program instruction means.

BRIEF DESCRIPTION OF DRAWINGS

The accompanying drawings illustrate various embodi-
ments of systems, methods, and embodiments of various
other aspects of the invention. Any person having ordinary
skills in the art will appreciate that the illustrated element
boundaries (e.g., boxes, groups of boxes, or other shapes) in
the figures represent one example ofthe boundaries. It may be
that in some examples, one element may be designed as
multiple elements or that multiple elements may be designed
as one element. In some examples, an element shown as an
internal component of one element may be implemented as an
external component in another, and vice versa. Furthermore,
elements may not be drawn to scale.

Various embodiments will hereinafter be described in
accordance with the appended drawings, which are provided
to illustrate, and not to limit the scope in any manner, wherein
like designations denote similar elements, and in which:

FIG.1is ablock diagram illustrating a system environment
in accordance with at least one embodiment;

FIG. 2 depicts a layout of a handwritten document in accor-
dance with at least one embodiment;

FIG. 3 is a block diagram illustrating a system for evaluat-
ing digital images of handwritten documents in accordance
with at least one embodiment;

FIG. 4a and FIG. 45 (hereinafter referred to as F1G. 4) is a
flow diagram illustrating a method for evaluating digital
images of handwritten documents in accordance with at least
one embodiment;

FIG. 5 is a flow diagram illustrating an example of an
Intelligent Character Recognition (ICR) optimized image
pre-processing technique; and

FIG. 6 is a flow diagram illustrating an example of a mark
lift optimized image pre-processing technique.

DETAILED DESCRIPTION

The present disclosure is best understood with reference to
the detailed figures and description set forth herein. Various
embodiments are discussed below with reference to the fig-
ures. However, those skilled in the art will readily appreciate
that the detailed descriptions given herein with respect to the
figures are simply for explanatory purposes as methods and
systems may extend beyond the described embodiments. For
example, the teachings presented and the needs of a particular
application may yield multiple alternate and suitable
approaches to implement functionality of any detail
described herein. Therefore, any approach may extend
beyond the particular implementation choices in the follow-
ing embodiments described and shown.

References to “one embodiment”, “an embodiment”, “one
example”, “an example”, “for example” and so on, indicate
that the embodiment(s) or example(s) so described may
include a particular feature, structure, characteristic, prop-
erty, element, or limitation, but that not every embodiment or
example necessarily includes that particular feature, struc-
ture, characteristic, property, element or limitation. Further-
more, repeated use of the phrase “in an embodiment” does not
necessarily refer to the same embodiment.

Definitions: The following terms shall have, for the pur-
poses of this application, the respective meanings set forth
below.
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A “multifunction device” (MFD) refers to a device that can
perform multiple functions. Examples of the functions
include, but are not limited to, printing, scanning, copying,
faxing, emailing, and the like.

A “digital image” or “scanned document” or “scanned
image” refers to a collection of data, including image data in
any format, retained in an electronic form. The digital image
can contain one or more pictures, symbols, text, blank or
non-printed regions, margins, etc. In an embodiment, the
digital image is obtained by scanning a corresponding physi-
cal document (e.g., a handwritten document or a document
containing handwritten symbols). The digital image can be
stored in various file formats, such as, JPG or JPEG, GIF,
TIFF, PNG, BMP, RAW, PSD, PSP, PDF, and the like. Various
examples of the handwritten document include, but are not
limited to, any questionnaire form, such as, a filled question
paper, a survey paper, an answer sheet, an assessment docu-
ment, or the like.

A “computing device” refers to a computer, a device
including a processor/microcontroller and/or any other elec-
tronic component, device, or system that performs one or
more operations according to one or more programming
instructions. Examples of the computing device include, but
are not limited to, a desktop computer, a laptop, a tablet
computer (e.g., iPad®, Samsung Galaxy Tab®, and the like),
a personal digital assistant (PDA), a smartphone, an MFD,
and the like. The computing device is capable of accessing (or
being accessed over) a network (e.g., using wired or wireless
communication capabilities).

A “network” refers to a medium that interconnects a server
and various computing devices. Examples of the network
include, but are not limited to, LAN, WLAN, MAN, WAN,
and the Internet. Communication over the network may be
performed in accordance with various communication proto-
cols such as Transmission Control Protocol and Internet Pro-
tocol (TCP/IP), User Datagram Protocol (UDP), and IEEE
802.11n communication protocols.

“Scanning” refers to a technique of recording an image as
digital data in any format, thereby creating a file.

A “symbol” refers to any alphabetic character, numeric
character, mark, line, arrow, hand-drawn drawing, and the
like.

FIG.11s ablock diagram illustrating a system environment
100 in accordance with at least one embodiment. Various
embodiments can be implemented in the system environment
100. The system environment 100 includes a network 102 and
a server 106. The system environment 100 further includes a
desktop computer 104a, a laptop 1045, an MFD 104c¢, and a
tablet computer 1044 (hereinafter referred to as computing
device 104). Although FIG. 1 shows only four computing
devices for simplicity, it may be appreciated that the disclosed
embodiments can be implemented for a large number of
computing devices including, but not limited to, smart-
phones, PDAs, and various similar handheld devices.

A user operating the desktop computer 104a, the laptop
10454, or the tablet computer 1044 is capable of accessing the
MEFD 104¢ and/or the server 106 through the network 102. A
functionality of evaluating handwritten documents (i.e., digi-
tal images of the handwritten documents) can be imple-
mented on at least one of the desktop computer 104a, the
laptop 1045, the MFD 104c, the tablet computer 1044, and the
server 106. In an embodiment, for example, the desktop com-
puter 104a, the laptop 1045, and/or the tablet computer 1044
are capable of executing an application for evaluating digital
images of the handwritten documents. In another embodi-
ment, the application is hosted by the server 106 and the
desktop computer 104qa, the laptop 1045, and/or the tablet

10

15

20

25

30

35

40

45

50

55

60

65

4

computer 1044 capable of accessing the application over the
network 102. In another embodiment, the MFD 104c¢ is
adapted to facilitate the functionality of evaluating the digital
images of the handwritten documents.

FIG. 2 depicts a layout 200 of a handwritten document in
accordance with at least one embodiment. The layout 200
depicts various fields, such as a name field 204, a date field
206, a roll number field 208, and a title field 210. The layout
200 further depicts various text fields 212a, 2124, and 212¢
(hereinafter referred to as text field 212). Although the layout
200 shows only three text fields for simplicity, it may be
appreciated that the disclosed embodiments can be imple-
mented for a large or lesser number of text fields. Further-
more, the layout 200 depicts various regions of interest 214a,
2145, and 214c¢ (hereinafter referred to as region of interest
214). Although the layout 200 shows only three regions of
interest for simplicity, it may be appreciated that the disclosed
embodiments can be implemented for a large or lesser num-
ber of regions of interest. Further, for each region of interest
214 the correct response that is expected for that region is
known.

In an embodiment, the text field 212 contains a question or
any other query for which a user’s (e.g., a student’s) response
is required in the corresponding region of interest 214. For
example, for questions contained in text fields 212a, 2125,
and 212c¢, the corresponding answers (i.e., answers written by
the user) are contained in the regions of interest 214a, 2145,
and 214c respectively. In an embodiment, the answers are
handwritten by the user (e.g., student). The answers contains
various symbols including, but not limited to, alphabetic
characters, numeric characters, marks, line arts, boxes,
shapes, or hand-drawn drawings. Further, for each region of
interest 214 the correct answers to the associated questions in
text fields 212 are known.

FIG. 3 is a block diagram illustrating a system 300 for
evaluating digital images of handwritten documents in accor-
dance with at least one embodiment. In an embodiment, the
system 300 represents the computing device 104. In another
embodiment, the system 300 represents the server 106. The
system 300 includes a processor 302 coupled to a memory
304. The memory 304 includes a program module 306 and a
program data 308. The program module 306 includes an
image forming module 310, an image processing module
312, and an evaluation module 314. The program data 308
includes a database 316.

The processor 302 is coupled to the memory 304. In an
embodiment, the processor can also be connected to a display
(not shown) and one or more input mediums (not shown). The
processor 302 executes a set of instructions stored in the
memory 304 to perform one or more operations. The proces-
sor 302 can be realized through a number of processor tech-
nologies known in the art. Examples of the processor 302 can
include, but are not limited to, an X86 processor, a RISC
processor, an ASIC processor, a CISC processor, or any other
processor. In an embodiment, the processor 302 includes a
Graphics Processing Unit (GPU) that executes the set of
instructions to perform one or more image processing opera-
tions.

The memory 304 stores a set of instructions and data. Some
of the commonly known memory implementations can be,
but are not limited to, a Random Access Memory (RAM),
Read Only Memory (ROM), Hard Disk Drive (HDD), and a
secure digital (SD) card. The program module 306 includes a
set of instructions that are executable by the processor 302 to
perform specific actions. It is understood by a person having
ordinary skills in the art that the set of instructions are stored



US 9,098,777 B2

5

in the memory 304 in conjunction with various hardware of
the system 300 to perform various operations.

The database 316 is a storage device that stores the data
submitted from and/or required by the image-forming mod-
ule 310, the image processing module 312, and the evaluation
module 314. Further, the database 316 stores a model of
assessment containing correct answers corresponding to each
text field 212. Each of the correct answers contains a pre-
defined set of symbols. In an embodiment, the model of
assessment is inputted by an administrator (e.g., the teacher).
In an embodiment, the database 316 can be implemented
using technologies including, but not limited to Oracle®,
IBM DB2®, Microsoft SQL Server®, Microsoft Access®,
PostgreSQL®, MySQL® and SQLite®, and the like.

The image-forming module 310 is configured for facilitat-
ing the generation of the digital image based on the handwrit-
ten document. In an embodiment, the image-forming module
310 facilitates the scanning of the handwritten documents.
The image-forming module 310 facilitates the compilation of
the image data captured by various image-capturing units
such as scanners and digital cameras (not shown) to generate
the digital images (e.g., scanned documents) from the hand-
written documents. The image-forming module 310 then
stores the digital images in the database 316.

In an embodiment, the system 300 obtains the digital
images of the handwritten documents from various other
computing devices (such as computing device 104) or the
server 106 and hence the use of the image-forming module
310 can be avoided. The digital images of the handwritten
documents are stored in the database 316.

The image processing module 312 is configured for iden-
tifying the regions of interest 214qa, 2145, and 214¢ from the
digital image of the handwritten document (e.g., an assess-
ment/answer paper filled by the student).

In an embodiment, in order to identify the regions of inter-
est 214a, 2145, and 214c¢, the image processing module 312
implements a coordinate-based method. In this case, coordi-
nates of the regions of interest are known relative to a master
digital image (e.g., scanned copy of the blank assessment/
answer paper). A scanned image is registered to the master
digital image (e.g., the scanned image is digitally processed
such that it can exactly overlap the master digital image). This
is known as image registration and can be implemented using
several well-known techniques, e.g., 4-point registration or
band-based registration. Once the scanned image is registered
to the master digital image, the known coordinates of the
regions of interest associated with the master digital image
can be directly applied to the registered scanned image to
identify exact regions of interest in the scanned digital image.
Thus, when the user (teacher) initiates the process of evalu-
ating the digital image of the assessment/answer paper of a
particular student, the image processing module 312 identi-
fies the regions of interest 214a, 214b, and 214¢ based on the
corresponding coordinates derived from the master digital
image. In an embodiment, the master digital image, the
known coordinates of the regions of interest 214, and the
known correct answers are stored in the database 316.

In another embodiment, the image processing module 312
identifies the regions of interest 214a, 214b, and 214¢ by
detecting various line arts like various boxes, colors, and
shapes. However, it is understood that the invention is not
limited with respect to the method of identifying the regions
of interest 214a, 214b, and 214¢ from the digital image and
any suitable techniques can be used for identifying the
regions of interest 214a, 2145, and 214c.

The image processing module 312 is configured for deter-
mining a set of symbols from the digital image by applying a
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first predefined technique. If the set of symbols determined by
applying the first predefined technique does not match with
the predefined set of symbols, then the image processing
module 312 is further configured for determining the set of
symbols from the digital image by applying a second pre-
defined technique.

In an embodiment, the first predefined technique can be
implemented using various known Intelligent Character Rec-
ognition (ICR) engines including, but not limited to, various
suitable solutions provided by Pegasus®, Nuance®, and
LeadTools®. In an embodiment, the second predefined tech-
nique can be implemented using various known ICR engines,
such as, various suitable solutions (other than the one used for
the first predefined technique) provided by Pegasus®,
Nuance®, and LeadTools®.

In another embodiment, both the first predefined technique
and the second predefined technique are implemented using a
common single ICR engine. However, different image pre-
processing techniques are used for the first predefined tech-
nique and the second predefined technique. In an embodi-
ment, for example, the first predefined technique is
implemented using a Pegasus® ICR engine in combination
with an ICR optimized image pre-processing technique. In an
embodiment, for example, the second predefined technique is
implemented using the Pegasus® ICR engine in combination
with a mark lift optimized image pre-processing technique.
Thus, by applying such different pre-processing techniques
the system 300 is capable of evaluating questions, such as
math questions as well as a variety of other questions that do
not require ICR but only look for pencil marks on the page,
such as a mark in a checkbox for a multiple choice.

The ICR optimized image pre-processing technique is suit-
able mainly for recognizing handwritten alphabetic and
numeric characters. Various known ICR optimized image
pre-processing techniques can be used without limiting the
scope of the ongoing description. For example, FIG. 5 illus-
trates one such ICR optimized image pre-processing tech-
nique.

The mark lift optimized image pre-processing technique is
suitable mainly for recognizing various marks and various
hand-drawn drawings including, but not limited to, lines,
shapes, boxes, arrows, and the like. Various known mark lift
optimized image pre-processing techniques can be used with-
out limiting the scope of the ongoing description. For
example, FIG. 6 illustrates one such mark lift optimized
image pre-processing technique.

Furthermore, it is predefined/presumed that there are very
rare false positives, i.e., it is very rare that the any of the first
predefined technique or the second predefined technique
decides that the student wrote a correct answer if the written
answer was actually wrong—empirically 1 in 50,000.

Further, the first predefined technique and the second pre-
defined technique are illustrated for simplicity of explana-
tion; however, the image processing module 312 is not limited
with respect to the number of techniques for identifying the
set of symbols from the digital image. The number of tech-
niques in cascade (in series or one after another, i.e., if a
former technique fails to correctly determine the set of sym-
bols then a next technique can be applied to determine the set
of'symbols) can be used by the image processing module 312
to determine the set of symbols from the digital image.

The evaluation module 314 is configured for creating an
evaluation report based on the determining by applying the
first predefined technique or the determining by applying the
second predefined technique. For example, if the set of sym-
bols determined by applying the first predefined technique
matches with the predefined set of symbols, then the evalua-
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tion module 314 determines that the corresponding answer
written by the student is correct. For example, if the set of
symbols determined by applying the first predefined tech-
nique does not match with the predefined set of symbols, then
the evaluation module 314 compares the set of symbols deter-
mined by applying the second predefined technique with the
predefined set of symbols. Similarly, the evaluation module
314 determines the correctness of the written answers in the
other such regions of interest based on the determining using
the second predefined technique.

The evaluation module 314 generates an evaluation report
based the determinations made. In an embodiment, the evalu-
ation report includes information, such as, whether each
answer is correct or wrong, various scores or grades derived
based on the number of correct and the number of wrong
answers, and so forth.

FIG. 4 is a flow diagram illustrating a method for evaluat-
ing digital images of handwritten documents in accordance
with at least one embodiment.

At step 402, the handwritten document is scanned to gen-
erate a corresponding digital image. In an embodiment, the
scanning of the handwritten document is facilitated by the
image-forming module 310 in conjunction with hardware,
such as scanners and digital cameras (not shown). The digital
image is then stored in the database 316 by the image-forming
module 310.

In an embodiment, the digital image is obtained by the
system 300 from various other computing devices (such as
computing device 104) or the server 106 and hence the step
402 can be avoided.

At step 404, the regions of interest 214a, 2145, and 214c¢
are identified. In an embodiment, the regions of interest 214a,
2145, and 214c¢ are identified by the image processing module
312 from the digital image.

At step 406, the set of symbols are determined from the
digital image by applying the first predefined technique. In an
embodiment, the set of symbols are determined from the each
ofregion of interest 214 by the image processing module 312.
In an embodiment, the first predefined technique is imple-
mented using various known ICR engines, such as, various
suitable solutions provided by Pegasus®, Nuance®, and
LeadTools®. In another embodiment, the first predefined
technique is implemented using the ICR optimized image
pre-processing technique in combination with the various
ICR engines, such as, various suitable solutions provided by
Pegasus®, Nuance®, and [.eadTools®. In this case, the ICR
optimized image pre-processing technique is first applied to
pre-process the digital image so as to facilitate better extrac-
tion of the alphabetic and numeric characters from the region
of interest 214. Then any suitable ICR engine is executed to
determine the symbols contained in each region of interest
214.

At step 408, the set of symbols (in the region of interest
214) determined by applying the first predefined technique is
compared with the predefined set of symbols (corresponding
to the region of interest 214) stored in the assessment model.
If it is determined that the set of characters determined by
applying the first predefined technique matches with the cor-
responding predefined set of symbols, step 410 is followed.

At step 410, it is determined that the answer written by the
student in the region of interest 214 is correct and the corre-
sponding evaluation report is generated. In an embodiment
the evaluation report is generated by the evaluation module
314.
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If it is determined, at step 408, that the set of characters
determined by applying the first predefined technique does
not match with the corresponding predefined set of symbols,
step 412 is followed.

At step 412, the set of symbols are determined from the
digital image by applying the second predefined technique. In
an embodiment, the set of symbols are determined by the
image processing module 312. In an embodiment, the second
predefined technique is implemented using various known
ICR engines (other than those implanted by the first pre-
defined technique), such as, various suitable solutions pro-
vided by Pegasus®, Nuance®, and L.eadTools®. In another
embodiment, the first predefined technique is implemented
using the mark lift optimized image pre-processing technique
in conjunction with the various ICR engines, such as, various
suitable solutions provided by Pegasus®, Nuance®, and
LeadTools®. In this case, the mark lift optimized image pre-
processing technique is first applied to pre-process the digital
image so as to facilitate better extraction of various marks and
various hand-drawn drawings including, but not limited to,
lines, shapes, boxes, arrows, and the like from the region of
interest 214. Then any suitable ICR engine is executed to
determine the symbols contained the each region of interest
214.

At step 414, the set of symbols (in the region of interest
214) determined by applying the second predefined technique
is compared with the predefined set of symbols (correspond-
ing to the region of interest 214) stored in the assessment
model. Ifitis determined that the set of characters determined
by applying the second predefined technique matches with
the corresponding predefined set of symbols, step 416 is
followed.

At step 416, it is determined that the answer written by the
student in the region of interest 214 is correct and the evalu-
ation report is generated. In an embodiment the evaluation
report is generated by the evaluation module 314.

If it is determined, at step 414, that the set of characters
determined by applying the first predefined technique does
not match with the corresponding predefined set of symbols,
step 418 is followed.

At step 418, it is determined that the answer written by the
student in the region of interest 214 is wrong/incorrect and the
corresponding evaluation report is generated. In an embodi-
ment the evaluation report is generated by the evaluation
module 314.

If it is determined, at step 414, that the set of characters
determined by applying the first predefined technique does
not match with the corresponding predefined set of symbols,
in an embodiment, a third predefined technique is applied to
determine the set of symbols from the digital image. Thus, the
ongoing description is not limited with respect to the number
of techniques for determining the set of symbols.

FIG. 5 is a flow diagram illustrating an example ICR opti-
mized image pre-processing technique.

At step 502, a morphological dilate operation is performed
on the digital image of the handwritten document to generate
a first processed digital image. In an embodiment, the mor-
phological dilate operation is performed using a 5x5 filter to
thicken the symbols (e.g., the text) present in the digital
image.

At step 504, the first processed digital image is subtracted
from the master digital image to obtain a second processed
digital image. In order to perform the subtraction, various
known image subtraction techniques/algorithms are imple-
mented by the image processing module 312 without limiting
the scope of the ongoing description.



US 9,098,777 B2

9

At step 506, a morphological close operation is performed
on the second processed digital image to obtain a third pro-
cessed digital image. In an embodiment, the morphological
close operation is performed using a 3x3 filter to fill in the
gaps in the text (e.g., the symbols) present in the second
processed digital image.

Atstep 508, a despeckle operation is performed on the third
processed digital image to obtain a fourth processed digital
image. In an embodiment, the despeckle operation is per-
formed to remove small, isolated noise less than 4x4 pixels
from the third processed digital image.

At step 510, a morphological dilate operation is performed
on the fourth processed digital image to obtain a final digital
image ready for ICR operation. In an embodiment, the mor-
phological dilate operation is performed using a 3x3 filter to
fill in gaps in the text (e.g., the symbols) present in the fourth
processed digital image.

The final digital image is now ready for performing an ICR
operation by using any suitable ICR engine as discussed in the
step 406 (refer FIG. 4).

FIG. 6 is a flow diagram illustrating an example mark lift
optimized image pre-processing technique.

At step 602, a morphological close operation is performed
on the digital image of the handwritten document to generate
a first processed digital image. In an embodiment, the mor-
phological close operation is performed using a 5x5 filter to
fill small gaps in the text (e.g., the symbols) present in the
digital image.

At step 604, a morphological open operation is performed
on the second processed digital image to obtain a third pro-
cessed digital image. In an embodiment, the morphological
open operation is performed using a 3x3 filter to remove
small spots from the second processed digital image.

At step 606, any barcode rectangular area (if present) is
erased from the second processed digital image to obtain a
third processed digital image.

At step 608, the third processed digital image is subtracted
from the master digital image to obtain a fourth processed
digital image. In order to perform the subtraction, various
known image subtraction techniques/algorithms are imple-
mented by the image processing module 312 without limiting
the scope of the ongoing description.

At step 610, a morphological close operation is performed
followed by the morphological open operation on the fourth
processed digital image to obtain a final digital image ready
for mark lift operation.

The final digital image is now ready for performing a mark
lift operation (i.e., identifying various marks, line art, boxes,
shapes, and hand-drawn drawings) by using any suitable ICR
engine as discussed in the step 412 (refer FIG. 4).

Various image processing operations mentioned in the
explanation of FIG. 5 and FIG. 6, such as, the morphological
dilate operation, the image subtraction, the morphological
close operation, the despeckle operation, and the erasing of
any image data are known in the art and as such, the detailed
description of these known image processing operations is
not included in the ongoing description.

The disclosed methods and systems, as illustrated in the
ongoing description or any of its components, may be embod-
ied in the form of a computer system. Typical examples of a
computer system include a general-purpose computer, a pro-
grammed microprocessor, a microcontroller, a peripheral
integrated circuit element, and other devices, or arrangements
of devices that are capable of implementing the steps that
constitute the method of the disclosure.

The computer system comprises a computer, an input
device, a display unit, and the Internet. The computer further
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comprises a microprocessor. The microprocessor is con-
nected to a communication bus. The computer also includes a
memory. The memory may be Random Access Memory
(RAM) or Read Only Memory (ROM). The computer system
further comprises a storage device, which may be a hard-disk
drive or a removable storage drive, such as, a floppy-disk
drive, optical-disk drive, etc. The storage device may also be
a means for loading computer programs or other instructions
into the computer system. The computer system also includes
a communication unit. The communication unit allows the
computer to connect to other databases and the Internet
through an Input/output (I/O) interface, allowing the transfer
as well as reception of data from other databases. The com-
munication unit may include a modem, an Ethernet card, or
other similar devices, which enable the computer system to
connect to databases and networks, such as, LAN, MAN,
WAN, and the Internet. The computer system facilitates
inputs from a user through an input device, accessible to the
system through an 1/O interface.

The computer system executes a set of instructions that are
stored in one or more storage elements, in order to process
input data. The storage elements may also hold data or other
information, as desired. The storage element may be in the
form of an information source or a physical memory element
present in the processing machine.

The programmable or computer-readable instructions may
include various commands that instruct the processing
machine to perform specific tasks such as steps that constitute
the method of the disclosure. The method and systems
described can also be implemented using only software pro-
gramming or hardware or by a varying combination of the two
techniques. The disclosure is independent of the program-
ming language and the operating system used in computers.
The instructions for the disclosure can be written in all pro-
gramming languages including, but not limited to, ‘C’, ‘C++’,
“Visual C++’°, and “Visual Basic’. Further, the software may
be in the form of a collection of separate programs, a program
module containing a larger program or a portion of a program
module, as discussed in the ongoing description. The soft-
ware may also include modular programming in the form of
object-oriented programming. The processing of input data
by the processing machine may be in response to user com-
mands, results of previous processing, or a request made by
another processing machine. The disclosure can also be
implemented in all operating systems and platforms includ-
ing, but not limited to, ‘Unix’, ‘DOS’, ‘Android’, ‘Symbian’,
and ‘Linux’.

The programmable instructions can be stored and transmit-
ted on a computer-readable medium. The disclosure can also
be embodied in a computer program product comprising a
computer-readable medium, or with any product capable of
implementing the above methods and systems, or the numer-
ous possible variations thereof.

The method, system, and computer program product, as
described above, have numerous advantages. Some of these
advantages may include, but are not limited to, improving the
accuracy of handwriting recognition by applying multiple
ICR engines or multiple image pre-processing techniques
(e.g., the ICR optimized image pre-processing technique, the
mark lift optimized image pre-processing technique, and so
forth) one after the other, in a serial fashion. Further, based on
the model of assessment, the answers corresponding to the
queries contained in the digital image are already known and
the ICR engines and/or the image pre-processing techniques
are selected such that the false positives are very rare. Due to
this property of the ICR engines and the image pre-processing
techniques in conjunction with their sequential application
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(e.g., one after the other), higher the overall accuracy of
handwriting recognition is achieved. Further, various charac-
ters, marks, lines, arrows, shapes, and hand-drawn drawings
can be detected by applying different image pre-processing
techniques one after other.

Various embodiments of the method and system for evalu-
ating handwritten documents have been disclosed. However,
it should be apparent to those skilled in the art that many more
modifications, besides those described, are possible without
departing from the inventive concepts herein. The embodi-
ments, therefore, are not to be restricted, except in the spirit of
the disclosure. Moreover, in interpreting the disclosure, all
terms should be understood in the broadest possible manner
consistent with the context. In particular, the terms “com-
prises” and “comprising” should be interpreted as referring to
elements, components, or steps, in a non-exclusive manner,
indicating that the referenced elements, components, or steps
may be present, or utilized, or combined with other elements,
components, or steps that are not expressly referenced.

A person having ordinary skills in the art will appreciate
that the system, modules, and sub-modules have been illus-
trated and explained to serve as examples and should not be
considered limiting in any manner. It will be further appreci-
ated that the variants of the above-disclosed system elements,
or modules and other features and functions, or alternatives
thereof, may be combined to create many other different
systems or applications.

Those skilled in the art will appreciate that any of the
aforementioned steps and/or system modules may be suitably
replaced, reordered, or removed, and additional steps and/or
system modules may be inserted, depending on the needs of a
particular application. In addition, the systems of the afore-
mentioned embodiments may be implemented using a wide
variety of suitable processes and system modules and are not
limited to any particular computer hardware, software,
middleware, firmware, microcode, etc.

The claims can encompass embodiments for hardware,
software, or a combination thereof.

It will be appreciated that variants of the above-disclosed,
and other features and functions or alternatives thereof, may
be combined into many other different systems or applica-
tions. Various presently unforeseen or unanticipated alterna-
tives, modifications, variations, or improvements therein may
be subsequently made by those skilled in the art which are
also intended to be encompassed by the following claims.

What is claimed is:

1. A method implementable on a computing device for
evaluating a digital image comprising handwritten symbols,
the method comprising:

determining, by a processor associated with the computing

device, a set of symbols from the digital image by apply-
ing a first predefined technique that facilitates the extrac-
tion of alphanumeric characters;

comparing the determined set of symbols to a predefined

set of symbols;

determining, by the processor, a second set of symbols

from the digital image by applying a second predefined
technique if the set of symbols determined by applying
the first predefined technique does not match with the
predefined set of symbols, wherein the second pre-
defined technique facilitates extraction of at least one of
hand drawings, shapes, boxes, and arrows;

comparing the determined second set of symbols to the

predefined set of symbols; and

creating, by the processor, an evaluation report based on

the determining by applying the first predefined tech-
nique or the determining by applying the second pre-
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defined technique, wherein the evaluation report indi-
cates a match when at least one of the determined set of
symbols or the determined second set of symbols
matches the predefined set of symbols.

2. The method of claim 1 further comprising scanning, by
the processor, a handwritten document to generate the digital
image.

3. The method of claim 1, wherein the digital image com-
prises one or more text fields and one or more regions of
interest corresponding to each of the one or more of text
fields.

4. The method of claim 3, wherein the predefined set of
symbols corresponds to pre-stored answers for each of the
one or more text fields.

5. The method of claim 3 further comprising identifying,
by the processor, the one or more regions of interest from the
digital image.

6. The method of claim 3, wherein user inputs are provided
in the one or more regions of interest in response to each the
one or more text fields.

7. The method of claim 6, wherein the set of symbols
corresponds to the user inputs.

8. The method of claim 1, wherein the set of symbols
comprises at least one of one or more alphabetic characters,
one or more numeric characters, one or more marks, or one or
more hand-drawn drawings.

9. The method of claim 1, wherein the first predefined
technique applies a first pre-processing technique to identify
the set of symbols.

10. The method of claim 9, wherein the first pre-processing
technique is an Intelligent Character Recognition (ICR) opti-
mized image pre-processing technique.

11. The method of claim 1, wherein the second predefined
technique applies a second pre-processing technique to iden-
tify the set of symbols.

12. The method of claim 11, wherein the second pre-pro-
cessing technique is a mark lift optimized image pre-process-
ing technique.

13. The method of claim 1 further comprising presenting,
on a display screen associated with the computing device, the
evaluation report.

14. A system for evaluating a handwritten document, the
system comprising:

an image processing module configured for:

determining a set of symbols from a digital image by apply-

ing a first predefined technique that facilitates the extrac-
tion of alphanumeric characters, wherein the digital
image is obtainable by scanning of the handwritten
document;

comparing the determined set of symbols to a predefined

set of symbols;

determining a second set of symbols from the digital image

by applying a second predefined technique if the set of
symbols, determined by applying the first predefined
technique, is determined to be incorrect based on match-
ing between the set of predefined symbols with the set of
symbols, wherein the second predefined technique
facilitates extraction of at least one of hand drawings,
shapes, boxes, and arrows;

comparing the determined second set of symbols to the

predefined set of symbols; and

an evaluation module configured for creating an evaluation

report based on the determining using the first pre-
defined technique or the determining using the second
predefined technique, wherein the evaluation report
indicates a match when at least one of the determined set
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of symbols or the determined second set of symbols
matches the predefined set of symbols.

15. The system of claim 14, wherein the set of symbols
comprises at least one of one or more alphabetic characters or
one or more numeric characters.

16. The system of claim 14 further comprising an image
forming module configured for facilitating the generation of
the digital image based on the handwritten document.

17. A computer program product for use with a computer,
the computer program product comprising a non-transitory
computer readable medium, wherein the non-transitory com-
puter readable medium stores a computer program code for
evaluating a handwritten document, wherein the computer
program code is executable by one or more processors to:

determine a set of symbols from the digital image by apply-

ing a first predefined technique that facilitates the extrac-
tion of alphanumeric characters;

compare the determined set of symbols to a predefined set

of symbols;

determine a second set of symbols from the digital image

by applying a second predefined technique if the set of
symbols determined by applying the first predefined
technique does not match with the predefined set of
symbols, wherein the second predefined technique
facilitates extraction of at least one of hand drawings,
shapes, boxes, and arrows;
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compare the determined second set of symbols to the pre-
defined set of symbols; and

create an evaluation report based on the determining by
applying the first predefined technique or the determin-

5 ing by applying the second predefined technique,

wherein the evaluation report indicates a match when at
least one of the determined set of symbols or the deter-
mined second set of symbols matches the predefined set
of symbols.

18. The computer program product of claim 17, wherein
the computer program code is further executable by the one or
more processors to present the evaluation report.

19. The method of claim 1, wherein applying the first
predefined technique comprises:

generating a first processed digital image by performing

one or more morphological operations on the digital
image; and

subtracting the generated first processed digital image

from the digital image.

20. The system of claim 14, wherein applying the first

20 predefined technique comprises:

generating a first processed digital image by performing
one or more morphological operations on the digital
image; and

subtracting the generated first processed digital image
from the digital image.
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